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x:VALDA!;  ON  OF  THE FUZING SYSTEM FOR  THE 
flloSILE   :,LOON"   (3b-2) 

Prepared by: 

E. W. Blevins 

ABSTRACT:  (a) Tr i electric fuze T7^E3 and the mechanical 
fuze T34S3 for th . missile "LOON" (JE-2) have been evaluated 
for Bafety and op ^ability as an item of shipboard ordnance. 
The meohamcal fuza T84E3 **« deciared unsafe because it 
did not incoruora ;e out-of-line detonator features, and wau 
eliminated from t i« evaluation progr<im. The electric fuze 
has been sutaltte ; to the Military Standard Transportation 
an.d Safety Handl:; ?/; Tests, the Standard Salt Spray Fuze Test 
and the Mliitary i.andard Temperature and Humidity Test. 
The fuze hcs also been armed and fired at -65*9  and 160°F. 
A statistical analysis has been made to determine a measure 
oi the armlng-tr.;. :i safety and reliability of fche fuze- 
Although lock of -uggedness in design of the electrical 
fuze T'7te3 ifc greatly emphasized by tae Transportation and 
Safety Hare ling T sts, the fuze appears to be reasonably 
Mft and reliable 

(b) Full 3cal<.! field tests of the modified fuzing system 
for the micsile " ,OOK" wore conducted at the U< S. Naval Air 
Missile Teat Center, Point frlugu, California. Three flights 
were made. The first was only partially successful because 
of short mi3sile fLight. The second and third flights were 
successful. The 1 econd flight was a telemetered flight 
launched from the tihore. The third was a servloe condition 
flight launched froai a surfaced submarine. The results of 
these fcssts indicate that the modified fuzing system will 
operate with the present system for controlling the terminal 
trajectory of the missile, 

(c) Explosive train safety tests and explosive train 
reliability testy were conducted with service loaded "LOON" 
warheads. These tests were conducted at the U. S. Army 
Sierra Ordnance B<*pot, Herlong, California. Five T7^E3 fuze3 
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were modifJed to p 
condition. A fuze 
head and the deton 
special fuze-remov 
permittad removal 
In all eases the 1 
detonator only. V 
warhead fuze cavifc 
to permit arming b 
used to detonate f 
the fuze initiated 

j'mlt firing of the detonator in the unarmed 
was installed in the service loaded war- 
ator fired from a remote barricade. A 

tool controlled from the barricade 
the fuse from the warhead for examination. 

tig 
of 
:tj;ulting explosion wa3 limited to the 
] t'ual inspection revealed no damage to the 
y  liner. Five samples of the fuze modified 
\ lanyard from the firing barricade were 
:.ve service-loaded warheads. In all cases 

1.  high-order detonation of the warhead. 

(d) Inertia ad nation tests and vioration tests were 
performed on the To and T9 switches. Vibration tests were 
performed to determine resonances and the characteristics of 
vibration that couJc. cause actuation. Vibration tests on the 
switches failed to cause actuations. Centrifuge, air gun 
arid! drop te-jts wer-' also conducted to determine minimum firing 
accelerations. 
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CONFIDENTIAL 

MA VOW) Report 18/t- 12 August 195? 

It the request of v .e Bureau of Ordnance, the fuzing system 
for the misuile "LCCN" (JB-2) has been evaluated.  It was 
requested that, in 
pr 03pe c t i ve tint d.', 
number of missiles 
first on safety anc 
program was conduct 
3. In a letter to 
the Laboratory recc 
system with certain 
recommended change; 
this report  The c 
those of the Techn* 

view of the urgency of the program, the 
te use of the misslie, and the limited 
and fuzes available., emphasis be placed 
second on operability. The evaluation 

ed under Task N0L~Re2b-30-l-51, Problem 
the Bureau of Ordnance of 10 April 1951, 
Tjnended the use of the 'LOON" fuzing 
modifications. Tebt results and 
in the fuzing system are presented in 
oinions and judgments expressed are 
:al Evaluation Department. 

EDWARD L. WOODYAW? 
Captain, USN 
Commander 

R. E. HIGHTOWER 
By direction 

ill 
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EVALUATION OP THE 
MISSILE 

FUZING SYSTEM FOR 
(JB--2) 

Ti'E 
"LOOK 

INTRODUCTION 

X. The Naval Ordn;. i2e Laboratory has conducted a limited 
evaluation program 
:'or safety and oper 
aa requested by ret. 
and manufactured fo 
nisslle. The: missl 
j\rmy Air Force, anc 
nautlcs. BVi-.e-? '..a:: 
LTV-N-2 (Launcher T 

0:1 the fusing system of the missile "LOON" 
ability as an item cf shipboard ordnancet 
1-fence (a). This fuzing system was designed 
' a U. S. version of the German V-l guided 
.a was designated the "JB-2 Bomb" by the 
che "LOON" by tne Navy Bureau of Aero- 
.."urther designated the missile as the 

5.3t Vehicle N-2) . 

The fuzing com;, jnents consist of the following. 

Athwartship iVfe,: iinical Impact Puze T84E series 
Athwartsiilp :£!•:.• 1:. icai Contact Puze T?4E series 
Nose contact Switch T8 
Inertia Switch T9 

The T84E series ZCL  irises 
The T74E series comprisea 
In all of these the final 
as follows: 

the T64E1, TS4E2, T84E3, and T84E4 
the T74B1, T74E2, T7*E3, and T7*E4. 
number Indicates the arming range 

1 - 4 to 5 milea 
2 - 12 to 15 miles 
3 - 25 to 30 miles 
4 - 40 to 50 miles 

The different arming distances are provided by different gear 
ratios in the arming systems. Fuzes of the same series are 
otherwise identical  Fuzes provided for these tests were the 
T84E3 mechanical fuze and the T74E3 electrical fuze. Detailed 
descriptions of ;he::e components are included in Part 7* 
Chapter 21, Section cj of reference (b). 

3, The T84E series 
fuze actuated by an 
housing so arranged 
will release a cock 
the mechanical fuze 
series is a long de 
vane, through the g 
rotor (which contai 

is a long delay air-arming mechanical 
r.nertia weight and tapered firing pin 
that slight sideways impact after arming 

:ed firing pin.  (The explosive train in 
is in permanent alignment.) The T74E 
ay air-arming, electrical fuze. The air 
ear train and arming shaft,, turns a plastic 
ns an electrical detonator M36) one half 
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;urn to line up the detonator with the explosive ?..ead to the 
booster,, and to connect the detonator1 B electrical leads to 
the ends of the filing circuit leads.  This action, however, 
does not fire the faze, as will be explained later.  In thla 
position a d-itent in the rotor snaps into a hole m the rotor 
housing, locking the rotor in place and disengaging it from 
;he arming shaft-  The T74E3 fuze la shown in figures 3 and k. 
The air vanes of bwth the mechanical and the electrical fuzes 
are prevented from rotating until the missile is in flight 
by arming wives which pull free at the end of the launching 
phase.  The detonator used in the T7^E3 fuze la the M36.  The 
upper charge is basically mercury fulminate, the intermediate 
charge is le id azic.j and the lower charge la PETN-^  The 
det.ona.tor cup is gliding metal. 

4„  The T9 Inertia switch Incorporates a universal pivot- 
mounted inertia weight having a polished concave face against 
which a polished htulsphere bears to hold the weight in 
position. The hemisphere is held against the concave face by 
a spring loaded contact bar.  Tension on the spring is preset 
to require an acceleration of ten g normal to the pivot shaft 
to topple the weight. When this occurs the contact bar rotates 
under the spring loan and completes the electrical circuit 
across the contacts. The switch Is insensitive to force in 
the direction whici Increases the pressure of the hemisphere 
against the concave face of  the inertia weight.  It is bracket- 
mounted on the forward warhead bulkhead in a position such 
that the acceleration forces due to launching act in the 
direction to which Lt is insensitive.  The inertia switch 
assembly consists of the inertia swltcb and a two microfarad 
condenser connected ;o a terminal board, all mounted on the 
inertia switch mounting bracket. The terminal board provides 
binding posts for connecting the other components of the fuzing 
system. The purpose of the condenser is to by-pass any voltage 
pulse which might b j induced in the leads running aft to the 
Veeder-Root counter .  The no3e switch is a simple device having 
a coil spring mounted on a round plastic, base and a brass shaft 
mounted cO-axlally with, but insulated from the spring. The 
switch is mounted In the forward part of the missile nose cone. 
On impact, the shaft is either crushed or bent so that it 
makes contact with he spring, and closes the circuit. 

• 

5. Although not considered an ordnance component, the "Veeder- 
Root" counter has one st?t of contacts which form a part of 
the electrical firing circuits.  The counter is driven by a 
solenoid and ratchec arrangement powered hy pulses from the 
missile electric power supply. The pulse rato is determined 
by the speed of an air-screw in the nose of the missile which 
drives a worm gear having a contact bar which closes the 
circuit once each revolution. The counter and air-screw 
combination Is calibrated In air miles. The counter has two 
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seta of contacts each of which can be Independently .set to 
clOi'e after a preselected number of air miles travel. A 
three-digit L.et Is used to limit missile flight in case com- 
rr.and control is lost.  It is usually set to initiate wing 
blow-Off and diva the missile at five to ten nilsa beyond 
the target distance  A two-digit set la used as an additional 
safety device in the electrical firing circuit.  It is 
usually net to close the electrical circuit to the battery 
at the nominal arming distance of the electric fuze.  Once 
these contacts oloae, their driving arrangement is disengaged 
froK the drive shaft 30 that they will remain closed for the 
duration of the flight. 

t,    Figure 8 shot.s the original circuit for the electrical 
components of the fusing system.  Aa can be seen from the 
diagram, at least three switches must close before the 
electrical fuze wll] fire. Two cf thesa, the Veecler-Root 
counter and the fuze arming switch, are safety features and 
are closed by air travel. After these oloae, the weapon is 
fully armed and the warhead will be exploded upon closure 
by Impact of the nose switch and/or the Inertia switch,, 

7 «, Figure 8 shov-s the modified circuit for the electrical 
components. The modifications are discussed in paragraphs 
9 and 13 following. 

8.. Full scale fiel"; tests were conducted at the U. S. Naval 
Air Missile Test Corter (NAMTC), Point ,iugu, California.  The 
tesns were conducted by participating In projects "LOON" and 
Derby (Trounce). T.e latter project is concerned with 
launching and controlling the missile from a surfaced sub- 
marine. Flight tests were scheduled in which tne fuze tests 
were made the secon ct-y objective without seriously inter- 
fering with the primary objective which provided the basis 
for authority to axoend the missile. The proposed schedule 
Included telemetered tests to be conducted to determine 
operating points of the arming devices and as a final check 
on the safety of th fuzing system before a service-condition 
test (all component: live-loaded) was made, 

FIELD TESTS 

Fuzing System Mocll'ications 

9„  The mechanical fusse T34E series was declared unsafe frr 
Naval use, and will be discussed in paragraph 20. As a 
substitute for this component, it was decided to use an 
additional electrical fuze of the T7^E series, The T/4E 
series ana the T84E series have the sara? external dimensions, 
which allowed the substitution to he readily made. The two 
electrical fuzes were connected in parallel as shown In 
figure 8. 

3 
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10. To determine t.:e degree of arming (that la, the position 
of 1 he detonator in the rotor with rs&psot to the explosive 
lead), six T('4E3  fu-'es were lnerted and modified as follows; 
A •nail ten thousand Ohm potentiometer was installed in the 
opace normally occupied by the booster pellet and its shaft 
was mechanically connected to the fuze rotor.  A shorting 
wire was connected sorosa the detonator terminals on the 
rotor,  The two-conductor firing lead was replaced by a 
five-conductor cable, three conductors of which were connected 
to the potentiometer, the Othsr two being connected in place 
of the normal leads to the terminals which contact the deto- 
nate r leads in the armed position. A calibration curve was 
prepared for each fuze 3howing degrees of rotation and 
revolutions of the irrning  vanes versus resistance from one 
end terminal of the potentiometer to its movable arm, 

11. At the NAMTC, <ue to a delay in the delivery of the 
modified fuses, tt was necessary to inert two additional T7^S3 
fuzes for the first flight test. A shorting wire wa3 connected 
across the detonator terminals but no position indicating 
potentiometers wera installed.  The fuzes, switches T8 and T9> 
uhe arming switch o.1' the Veeder-Root counter and the air-log 
pulse switch were each connected, through proper voltage 
dividers and a battery, to separate channels of a six channel 
AP/AKT-10 telemetering transmitter Installed in the no^e of 
ths missile. As a secondary means of monitoring the actuation 
of the fuzing system components, red smoke flares were connected 
to the fuzes and to the T8 and T9 switches so that closure of 
the circuit through any of these components would fire one of 
ths flares. The flarss for the fuzes were Installed on the 
respective wlngtlps. the nose switch flare was installed on the 
under part of the nosa  cone, and the inertia switch flare was 
installed on the under part of the tail section.  Previous 
tests at NAMTC had shctfn that with the flares so located, 
observers in chase planes could reliably identify the particular 
flares as they firecI.  This secondary monitoring system provided 
insurance against losing all data in case of telemetering system 
failure, and also provided an independent record against which 
the telemetering reco.cd could be checked.  The oral reports of 
the chase plane observers are recorded for this purpose., Flare 
and telemetering connections for this test are shown in figure 9* 

12. For the second ...Light test a similar system was used.  The 
modified fuzes with potentiometers were connected as shown in 
figure 10- This connection provided a recorded signal for the 
fuze monitoring channels on which the deflection from zero 
position was proportional to the degree of arming up to the 
instant of complete arming. Complete arming was indicated by 
a sharp increase to full deflection,. 

4 
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13.  Certain Modifications In addition to the elimination of 
the mechanical fuze T84l series were found necessary aa followsj 

a. In connection with the substitution of an additional 
electrical fuze .'ot ;he mechanical fuze,, fairing conduit for 
the tilectricel leads was Installed on the warhead to the port 
fuze cavity. This necessitated drilling holes in the aluminum 
warhead encasement for eight self-tapping, ,/;8 by 3/8 inch 
mounting screws.  On *".he exploalve-loac'ed warhead this was done 
with a hand powered drill provided with a stop to limit the 
depth of the hole to 1/k  inch in the 3/8 inch thick encasement. 

b. The nose section of the missile Is regularly attached 
to the war-head by eight 3/8 inch NF machine bolts which thread 
Into tapped roles in the warhead nose ring.  During several 
tests previously conducted by the NAMTC, the nose section had 
separated from the Missile at or shortly after wing blow-off. 
To prevent a recurrence of this break-up, the number of 
attaching bolts was doubled, eight additional holes being 
drilled and tappec Midway between the existing holes in the 
warhead nose ring, 

c  The present system of controlling the end trajectory 
of the missile provides for diving the entire fuselage into 
the target by blowing off the wings, stopping the pulse Jet 
engine and removing the forces which control the tail surfaces 
so they will assume £ neutral position. The trajectory of 
the fuselage then approximates that of a free falling bomb. 
One wing is blown of. I   a fraction of a second after the other 
to give the fuselag. an initial spin to Improve the consistency 
of the trajectory,  trevlous tests by the NAMTC have shown 
that wing blotf-off ;rd/or the displacement of components due 
to spin usually result in the missile power supply battery 
being shorted. To prevent the live-loaded missile from becoming 
a dud from this cause, a separate 22,5 volt dry battery was 
provided as a power supply for the fuzing system.  It was 
mounted in a special bracket on the under side of the inertia 
s/fitch mounti.-ig bracket and was connected as shown in figure 8. 

d.  The electrical fuzes were designed to be used in the 
starboard fuze cavity, and the arming wire angle bracket is 
located on the fuze head flange in a position which properly 
aligns it with the starboard arming wire attached to the 
launching sled.  Tne fuze must be oriented so the electrical 
leads line up with the fairing conduit. To adapt the fuze 
for use in the port cavity (where it replaced the mechanical 
fuze), the angle bracket was relocated to obtain proper 
alignment with the pore arming wire.  This required drilling 
and tapping two new holes for the ^6-32 angle bracket mounting 
screws. 

5 
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Results From l^llgjlx. Te^ts 

14. The fli^t flight test was conducted on 7 December 1950, 
from the NAMTC tihoiv-mounted, short-length launcher*.  During 
the launching phc3> the missile went into a slow left roll 
due apparently to soata misalignment in the "Jato" sled 
launching unit. At the end of the launching phase ("Jato" 
burn-out) the sled detached itself and fell avay in a normal 
manner, hut the missile had rolled so far left (wings about 
70 degrees from horizontal) that the autopilot was unable to 
assume control and correct the flight attitude.  The missile 
coni.inued to roll left and lost altitude quite slowly, making 
a flat dive into the sea in a completely Inverted position, 
8.8t seconds after launching and at a point roughly a thousand 
yaras from the launcher. This was too short a flight to give 
any information en ..'uze or Veeder-Koot counter arming, but 
tne telemetering record and the observance that no smoke 
flares fired 3howed that the nose switch T8 and the inertia 
switch T9 successfully resisted the forces of launching. 

15. The second flight test was conducted on 15 December 
1950 from the sacs '.launcher. The launching and flight were 
normal and the test was considered successful in all respects * 
Figure 1 Is a photograph of this missile during the launching 
phase. Figure 11 shows the telemetered record of the Veeder- 
Root counter and the two fuzes, in foreshortened form.  The 
information obtained from these curves and its interpretation 
is a:5 follows: 

a. The Veeder-Root counter arming switch closed 5 minutes 
44.6 seconds after launching. The fissile speed during its 

,   „ plane pilots) 
Thus the missile had traveled approximately 24.1 air miles 
at V-R counter arming switch closure, which is within reasonable 
accuracy of the preset distance of 25.3 siles, 

b. The port fuze rotor turned smoothly into the armed 
position, arming the .fuze aftex* 7 minutes 52»6 seconds of 
flight« The firing of the port wingtip smoke flare reported 
by the chase plane observers corresponds wi!;h the telemetered 
record. The distance traveled by the missile at this time was 
approximately 33 mi3c:j as determined by the missile tracking 
stations. The published information (reference (to)) gives 
the arming distance of the T74E3 fuze as 25 to 30 miles. 

c. The starboard fuze rotor turned smoothly into the armed 
position arming the fuze and firing the starboard wingtip 
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snoke flare after 8 minutes 12.4 seconds of flight.  The flight 
distance at tr.is lln.u   as determined by the mlaslle tracking 
stations was approximately 35 miles, again considerably 
greater than the published information. 

3. Shortly afte 
one or possibly both 
shorted* All telenu; 
showing that the rea 
compared to tie real 
telemeter inout sign 
been sufficiently hi 
the Dattery as the r 
deflection Immediate 
blow-off. Fr'-ui this 
the partial short ci 
circuit to have fire 
the Inertia sv. Itch o 

• the starboard fuze armed, the leads to 
of the smoke flares became partially 
;ered signals indicated nearly zero voltage, 
lstance of the short circuit was low 
stance of the voltage dividers for the 
ale. However, the resistance must have 
;;h to prevent excessive cue-rent drain from 
ecorded signals returnee to nearly normal 
ly when the short was removed by wing 
it appears that even during the period of 

rcuit there was sufficient vcltage on the 
d the respective smoke flares, had either 
p the nose switch closed. 

e„  The wing blc .-off system functioned on command from 
ere of the tracking stations after 11 minutes ;»9-5 seconds 
ci flight.  Tne missile dove into the sea 12 minutes 8.4 
seconds after launching at a position about 58 miles from the 
launching site as determined by the tracking stations. 

f.  The recorded telemetered signals and non-actuation 
of the forward and after flares showed that the nose switch 
Tc and the inertia switch T9 successfully withstood the forces 
of launching, missile flight, wing blow-off, and terminal dive. 

\J  Jk A -4. 4.    s/> 
f* 1 16. 

after the previously 
of all components. 
and .'-.ive fuzes, was 
Figure 2) at a posit 
from the NAMTC laime. 
terminal dive were a 
blow-off occurred on 
at a position approx 
At water impact the 
spout of impressive 
the chas~ planes and 
at approximately 8,0 
the warhead explosio 

'. test was also conducted on 15 December, 
described test indicated proper functioning 

.] he missile, with a service loaded warhead 
launched from a surfaced submarine (see 
ion approximately five miles off-shore 
ring site. The launching, flight, and 
11 normal as reported by observers. Wing 
command and the missile dove into the sea 
isaately 46.5 miles from the launching point- 
arhead exploded as expected, creating a water 
roportions as reported by observers in 
in a stand-by control plane located nearby 

00 ft altitude, All reports indicate that 
n was of a high order. 

Safety and Reliability Tests with Service Loaded Warheads 

17„  Field tests were conducted to determine the following; 
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a.  The ability of the fuze to confine 'one explosion of 
the detonator without damage to the warhead fuze cavity liner 
w.'ifir the detonator i:; Initiated with the fuze in the unarmed 
conditions 

c. The reliability of the fuse In initiating a high order 
explosion of the warhead when properly armed and fired. 

For the explosive train safety test five fuzes were modified 
so that the detonator was connected to the fuze leads with the 
rotor in the unarmec position. For the explosive train 
reliability tests, five fuzes v:ere modified aa follows so that 
they could be armed by lanyard. The arming shaft, the gear 
train assembly and the air vane assembly (figure I) were 
removed.  A new arming shaft was installed which had the same 
diameter as the origi:ial but was of sufficiently greater length 
to extend approximately an inca beyond the fuze head, which 
was drilled cut to sccommcdate the extended shaft.  The 
extended part of the shaft was provided with a spiral spring, 
a lock pin and stops JO that withdrawal of the lock-pin by 
lanyard pall i.llowec ;he spring to rotate the arming shaft and 
the detonatoi- rotor into the armed position. No change was 
made in the explosive train of these fuzes. 

18. The tests were conducted in the Explosive Area of the U» S. 
Araty Sierra Ordnance Depot, Herlong, California. This area 13 
located in rolling foothills approximately ten miles (air line 
distance) north of the main depot area. A comparatively level 
site, free of large stones and approximately two thousand feet 
from the firing barricade was selected,  The soil was heavy, 
sand loam containing a few small stones (up to two inches in 
diameter) and was thoroughly and uniformly damp. No freezing 
had taken pl~.ce belov; the two inch level and even the surface 
had :ompleteiy thawed each day by the time the first teat was 
conducted. Three lines of rubber-covered, two-conductor 
blasting cable (about No. 18 copper wire) were laid on the 
surface from the test site to the firing barricade. A plunger 
type blasting machine was provided as the energy source for 
all explosive firing. 

19. The warhead was set on its large diameter end on bare 
earth at a position at least thirty feet from the nearest 
existing crater. The fuze for the firing train safety test 
was installed and a special solid-fuel-rocket-powered fuze- 
removing tool was loaded and mounted on the fuze. The fuze 
and tne fuze-removing tool were then connected to the firing 
circuits. The connected fuze was then checked for continuity 
and fired. After a waiting period of approximately five 
minutes, the fuze-removing tool was fired- After an additional 
waiting period, the .tired fuze was recovered and Inspected. 
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In all case:- only the detonator fired.  The fuze with the fired 
detonator was characterized by a bulged fuze body-  Inspection 
of the fuze .-.avity liner revealed no damage either from the 
fired detonator or the removal of the fuze by the rocket wrench. 
In some case3, two safety tests were conducted In the sane fuze 
cavity.  For the explosive train reliability tests the fuzes 
were installed in the service loaded warheads in the unarmed 
condition, then the firing leads were checked and connected to 
the fuze.  The last operation was to fasten the arming lanyard 
so the arming pin.  At the firing barricade the firing circuit 
wa; checked while t ae arming lanyard was being pulled to assure 
that the fuse was araftd by the spring arming system.  The fuze 
and warhead were then fired. All five warheads were detonated 
high order, with few recoverable fragments.  The recovered 
fragments were approximately uniform in size with maximum 
distensions of about 12 inches and Indicated extremely high 
temperatures3 that is, the aliHiiinum apparently melted and fused 
together,  The craters averaged approximately 7-1/2 feet in 
depth, and ranged from 24 to 27 feet in diameter. 

LABORATORY EVALUATIOH TESTS 

20. At the beginning of the evaluation program the mechanical 
fuze T84E3 was declared to be unsafe for shlpboarc use. An 
examination of the drawings and subsequently of trie fuze 
showed that the fuze contained no detonator safety feature. 
The sensitive element which contains lead azide housed In 
gilding metal is in permanent alignment with a cocked firing 
pin, tetryl lead and booster. Consequently the laboratory 
evaluation program 15 concerned only with the electrical 
?72.'S3 fuze. 

Transportation Vibration Tests 

21. Ten fuzes were subjected to the Military Standard 'Trans- 
portation Vibration Test for Use In Development of Fuses 
(MIL-STD-303) .  Visual Inspection of the fuzes after the first 
phase of the vibration te3t (packed as for shipment) showed 
no damage.  The fuzes were then rigidly mounted in fixtures 
ana given the standard vibration bests.  Inspection revealed 
the following changes: 

a. One booster cup came unsealed, 

b. One fuze sleeve came unsealed from the fuze head. 
(The booster cup and fuze sleeve are sealed by using Petman 
cement). 

Co  The small locating screw (figure 4) which holds the 
gear housing to the locating disc Inside the spacer was loosened 
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in three of the fuses. All detonator bridge wires were con- 
tinuous after the test.  In general the ten samples showed 
no unreasonable wear or no serious damage, and therefore were 
sa.-'e and operable. 

Jumble Tests 
— •   1 nB> 1 ai  m 11 m   1 • 

22. Ten samples were subjected to Jumble teats in the NOL 
24" Jumble Box. Tie fuzes suffered considerable damage during 
this test and all ihe fuzes were damaged similarly. The 
booster pellets broke up and tetryl was spread throughout the 
fuises. In  seven units the booster cup came unsealed from the 
body. All detonator 2eads broke off at the baae of the 
detonator due to motion of the detonator in its cavity.  In 
si:: of the units the aluminum locating dice on which the gear 
trs.in is mounted, a me completely loose and fel~ down inside tht 
cylindrical spacer.  In the other units the locating disc was 
loose but still in place. The three Philips-head screws holding 
the rotor housing TO the metal spacer came out in eight of the 
ben samples. With the locating clip out of a fuze which is 
in either o£ the two conditions described above (aluminum 
locating disc fr^ev from gear tx*ain mount or rotor housing 
freed from cylindrical spacer) there is no positive locking 
of the rotor with respect to the lead disc.  In this condition 
there is a possibility of alignment between the detonator and 
iecd. The locating clip cans out of two fuzes in which the 
rotor housing was : reed. Ir. spite of this condition the fuzes 
herded to hold together, and none were in an armed condition 
-it the end of the test. The lug on the rotor housing uBed 
for locating the tetryl lead disc was broken off in three  of 
the fuzes. However the rotor housing held together until the 
fu:ie was disassemble!. Had this broken guide lug not held in 
place there would be no positive locking of the lead disc with 
she rotor housing, a.id there is a possibility the lead could 
align itself with the detonator. None of the fuzes were 
operable as a resulv oi* the jumble test. All the fazes could 
be conride^e-! hazardous because of the spreading of tetryl 
through •*• the threads and gear train. 

Jolt Tests 

23, Seven fuzes were allocated to the Military Standard Jolt. 
Test for Use In Jevolopment of Fuzea (MIL-STD-300), Initially 
four samples were tested- Tiie boosters in these samples failed 
to naintain their pallet form, but crumbled to a fine powdery 
dust; consequently ,his tetryl dust spread in varying amounts 
throughout the f ;ze , Considerable tetryl was found even in the 
gear train housing.  Approximately half the tetryl came out of 
the booster cup„ At a result of uhiSj, new pellets were made 
t.nC  installed In ai; the remaining fuzes.. The new booster was 

' C" 

CONF.IDENT'JAL 
:-£CTJKITY  INFORMATION 



CONFIDENTIAL 
N.WORD Report I876 

nade up ox* two'smali pellets In place of trie larger one. 
Three more units With new boosters were given the Military 
Standard Jolt Test.  These boosters were In good condition 
at the end of the teat and tnere was no tetryl dust Inside 
the f uze3,  Of trie original Tour fuzes Jolted, three booster 
cups came unsealed.  None of the last three fuzes which were 
ressaled with glyptJtl came unsealed» Due to the vertical 
motion of the deton:r;or in the rotor, lead wires broke off 
at the base of trie detonator In five out of the seven fuzes. 
The detonators wera displaced about l/l6th Inch from their 
ncr.nal positions, thus Increasing, the spacing between the 
detonator and lead cu.sc (figure £>)•  In five of seven fuzes the 
vane safety wires cane off.  The locating clip did not come out 
in any of the fuzes.  The rotor was in good condition; however, 
the oakellte rotor .ousing was broken In two of the fuzes.  In 
two of the fuzes the aluminum locating disc (figure 4) on which 
the gear train Is lamented, came loose and fell down Inside the 
cylindrical spacer„  In four of the fuzes this disc was being 
held by a few threat of the locating screw.  In one unit the 
three Philips-head ecrews that hold the rotor housing to the 
cylindrical spacer* rsme cut.  Firing leads connecting the 3pring 
contacts in the rotor housing #ere also broken off In this fuze. 
Of the seven fuzes .cited, one fuse would have been operable. 
The remaining six would not have been operable eitner due to 
broken connecting leads or the broKen rotor housing- Bridge 
wires on the undamaged detonators were continuous, 

Forty Foot Drop Test 

24.  Forty Foot Drop Tests were conducted on five samples.  All 
drop orientations were made to conform with the specifications 
of the Military Standard Forty Foot Drop Test for Use in Deve- 
lopment of Fuzes.  The test vehicle used was an inert loaded 
"X.OCN" warhead. All live fuze3 were used.  In the horizontal 
orientation the drop was made directly on the fuze. This fuze 
was recovered by cutting it away from the warhead. The arming 
shaft had been pressed with considerable force against the lead 
disc, but there were no Indications of unsafety. All explosive 
components appeared bo be normal.  The fuze which v/as used in 
the drop with the wc^nead base down could not be inspected. 
After the drop the fuse seat liner was found to be displaced 
downward at an angle of about 30° with the horizontal.  Inspection 
of the warhead after the fuze nad been cut away revealed imper- 
fections in the loaciig.  There was cavitation in the inert 
material causing the load to shift thus tending to force the fuze 
seat liner toward the base of the warhead- The indentations on 
the fuze 3eat liner wore such that the fuze could not be safely 
removed. This was not considered to be expedient since the 
condition was not due to the fuze Irregularities but to imper- 
fections in the vehicle. The remaining three fuzes were undamagad 
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and there was no co ipromlse to safety In any manner.  All 
Inspected bridge wi rs were continuous.. 

~a;! & Spray ?u»e Test 

25.  Five samples were allocated lor the Standard Salt Spray 
Fuze Test.  Two fuzes were mounted with vanes up, two with 
vanes down, and one horizontal. Following the salt spray 
test, two of the fuses* one tested with vanes up and one 
tes ;ed with vanes down, were subjected to a temperature of 
-22°C for a period of ninety-twc hours. The other three 
wero allowed to dry at ambient temperatarea -  The cold fuzes 
both had a small amount of salt on the Inside surface of the 
fuse housing.  There was no corrcsion inside the fuze mounted 
with the vanes down.  Th<i fuze mounted with the vanes up was 
considerably corrodeU around the gear train housing, and in 
the gear train.  The three fuzes kept at ambient temperature 
required very small torques to rotate the arming vanes.  The 
fuze mounted with th€ vanes down was in good condition and 
shewed very little corrosion,  The fuze which had been mounted 
in the horizontal position had a small quantity of salt on 
the rotor, in the booster cup threads, in the gear train, and 
on the lead disc.  Fha fuse which had been mounted with vanes 
up was considerably corroded between the gear train housing 
and top of the fuze  The lead disc and shaft were also 

Temperature, Humidi ty,   and Air ArmingTests 

26. Six samples wex-s subjected to the Military Standard 
Temperature and Humic ity Test for- Use In Development of Fuzes „ 
Boosters were then removed and Inspected. Two of the boosters 
had a tendency to crumble when they were removed. Three of 
the fuzes were armed and fired without inspection. The fuzes 
were armed by an air stream.  The velocity of the air was such 
that the fuzes armed In from three to five minutes.  One of 
these fuzes was armed and fired at ambient temperatures, one 
at l60°F and the other at -63 °F. All the fuzes armed normally 
and fired high-order:.  Of the remaining three fuzes, one 
sample was broken down for Inspection. There was some dis- 
coloration from the rotor on the lead disci otherwise thei'e 
were no Indications of deterioration* The fuze was then 
reassembled complete with booster and armed. The detonator 
(M36) showed continuity after arming, but failed to fire. The 
remaining two fuzes were partially armed and then inspectedf 
after which they were fully armed. The arming operation on 
these two fuzes was accomplished at -6$*F and 1609F respectively 
Previous to the arming of the fuze at -65°F* inspection revealed 
that the rotor was held tightly to the lead disc by a thick 
layer of wax which probably came from the rotor,  However this 
concitlon die not Interfere with the arming process, since both 
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fuzes armed satisfactorily.  Of the last two fuzes the one at 
-65°F fired high-order.  The detonator in the ot.ier fuze failed 
to fire although it showed continuity after arming.  Four fuze3 
were nodifJed to perriit remote arming by   lanyard.  They v*ere 
then fully loaded coriplete With boosters,  Two of the fuzes 
were armed and fired at -6,L>°F and two at l60*F.  All the fuzes 
fired high-order. 

Explosive Train Saf?ty and Reliability 

27. In  the unarmed condition the detonator located in the 
rot >r is positioned 180° from the tetryl lead located In the 
lead holder disc. This orientation positions the detonator a 
distance of .79 inches from the lead.  Arming Is accomplished 
when the arming shaft turns the rotor one half turn.  The 
detonator blast hole is then In line with the tetryl lead.  A 
measure of the safety and reliability of the fuze was made by 
conducting a Bruceton sequential test. An unsafe condition 
was believed to exist when the tetryl load cup was compressed 
diametrical 1.7 and pushed Into the booster as shown in figure 7. 
In the normal condition the lead cup is approximately level 
with the leal disc.  The reliability tests were In most cases 
conducted with live toosters, however a few were conducted with 
inert boosters. Figure 5 shows the effect on a booBter of 
firing a detonator In an unreliable position.  Lead discs from 
these tests are shovn in figures 6 and ?, The Bruceton tests 
were run by -using the shortest distance between the detonator 
and the tetryl lead as the variable tested;; however, the results 
are presented as angular measurements for convenience. The 
50£ reliable and the 5Q# unsafe positions were determined from 
trie Bruceton sequential test. The 50$ reliable position is 
defined as tha position where 50%  of the tests will be expected 
to result in a high crc^r detonation of the booster. The 50$ 
unsafe position is defined as the position where 50$ of the 
tests will be expected to result in the unsafe condition defined 
above. These tests indicate that the fuzes are expected to be 
50^ reliable when the distance between the detonator center and 
the lead center is 0.19 inches or at an angle of 28° from armed* 
with a standard deviation of .03 inches. The 50$ unsafe 
position was found to be at a distance of 6.3I Inches or '57° 
from the armed position, with a standard deviation of .01 
Inches. From this information the 99-9%  reliability point was 
found to be 0.10 inches or Vi°  from completely armed, and the 
0.1$ unsafe position wa3 determined as 0.34 Inches or 51° from 
armed. The curves of figure 12, which i^ere determined by a 
statistical analysis of the Bruceton test, Indicate a measure 
of the reliability and unsafely of the fuze. It is obvious 
that the 99,9j6 reliability position and the 0.1# unsafe position 
cannot be accurately predicted since the sample size is 3raallj 

13 
CONFIDENTIAL 

SECURITY INFORMATION 

n&aa 



CONFIDENTIAL 
NAVORD Report I870 

hcwe/er, these calculations are the be^t estimate that may be- 
et ta-lned from the data.  Referring to figure 12, it is seen 
that the 3Q# points of the reliability arid the unsafety curves 
are .ibout 20c apart.  In view of this condition, -he Judgment 
of the unsafe position does not appear to be too severe, even 
though there was no -islb}e rupture of the leao cup or burning 
oi the fcetryl. 

LABORATORY EVALUATION TESTS ON T9 AND T8 SWITCHES 

££H£; *1£}*E£.  ;inj Alr GJl Tests on T9 Iner t la Switch 

28. Two switches wej 
wren the switch was 
fores corresponded ti 
the Missile, aceeler 
actuate the switch, 
the switch at dlffert 
described above, vhl> 
static actuating ace 
at orientations of - 

the SOL medium spsed centrifuge 
position such that the Inertia 

>€ tested in 
Lounted In a 
that which vrouid act during launching of 
tione of 200 g (maximum applied) did not 
:tat.ic firing tests were also conducted with 
nt orientations witn respect to the position 
h is designated as the 0° position.  The 
3erationu varied from approximately 9 g 
:0° to approximately ?A  gat + 150*. 

29-  One T9 Inertia 
cess:.ve single-phase 
acting in the same dl 
during launching.  '•? 
mlssr.le Is 10 gj howe 
during air gun shock- 
jected to a series oi 
obtain a comparison 
to actuate the switch 
under a static force 
The inertia force was 
minimum acceleration 
as compared to 15 g 3 
acceleration-time cu:- 
in approximately fiv* 
to zero acceleration 

'.itch war subjected to a series of suo- 
15" air *;un shocks with the inertia force 
rectlon aa that experienced by tne switch 
e peak launching acceleration of the 
M&r  no sv;_tch closures were detected 
up to 150 g- This switch was also BUb- 
sIngle-phase air gun shocks in order to 

etween the minimum acceleration required 
under an air gun type shock and, that 

:JS Indicated by the centrifuge tests • 
applied at -135°• The switch required a 

of 29 g to close during the air gun test3 
uring the centrifuge tests. The air gun 
ve increases from zero to pef.k acceleration 
milliseconds-, then decreases from peak 
in about forty milliseconds. 

Vibration Test, on T9 inertia Switvh 

30- The switch was ir 
holes on the back of 
was then mounted in a 
This is the normal mo 
warhead of the missis 
parallel to the vibrn 
to vibrations of vary 
determine whether the 
vibrations. Starting 
In 300 cpm steps at t 

ounted to a plate by the i.hre*? mounting 
;he switch mounting bracket. The plate 
vertical position on an LAB vibrator., 
unting position of the switch on the 
9. In this orientation the pivot Is 
tor table.  The switch was then subjected 
ing frequency, amplitude and direction to 
switch could be made to actuate under 
at 500 cpm the 

hree amplitudes 
frequency was increased 
.040. ,06C and .030 
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inches double amol tude, in each of the three orthogonal 
directions and mairtained momentarily at each frequency.  The 
maximum frequency i"aa 36OO cpau When the direction of vibra- 
tion was perpendicular to the pivot, double amplitudes of 
more than C.25 inonea w^re observed at the concave face of 
the pivot between * he frequencies of 2800 and 3200 cpm; 
however the switch could not be ma.de to actuate. 

711 >ration Tests on ?8 Contact Switch 

31. Vibration teats were preformed on one sample of the TB 
contact switch to ..ctermine resonances and the characteristics 
of vibration that 1 juld cause actuation,. Actuation (closure; 
of the switch was determined by a thyratron indicator connected 
across the Bwitch.  The switch was rigidly mounted on the table 
of a vibration me.' ine with the axis vertical and with the axle 
horlsontai. Vibrr  on was applied in the axial direction and 
in the cross-axial iirectior respectively. The rubber sheath 
was removed In ord« • to observe the operation of the parts. 
Resonance of the an  is-sprlng system occurred at 92 cps under 
axial vibration.   single amplitude of 0.008 inches in the fore In, 
vibration produced •. single amplitude of 3/16 inches at the enc 
of the spring] however a single amplitude of about 0,5 inches 
would be necessary bo cause actuation., Tne rubber sheath was 
then replaced ana 1  :ial vibration again applied. With the sheath 
in place resonance >eourred at 100 cps. but the camping had beei 
so increased that a 3.0065 inches amplitude forcing vibration 
caused only 0.025 inches single amplitude at the end of the 
spring. No actuation occurred. When cross axial vibration was 
applied, with sheet . in place, resonance occurred at 75 cps<  A 
single amplitude of the forcing vibration of 3c020 inches pro- 
duced a single ampl. ;ude of about 0*5 inches at the tip of the 
spring. The switch .railed after a few seconds of this vibration. 
Actuation did not c ..cur. The brass stem was broken in two at 
the shoulder of the plastic projection. 

Air Gun Shock Tejtg of Tg Switch 

32, Six samples were subjected to air gun shock tests to deter- 
mine the minimum acceleration required to actuate the switches. 
Each switch was tested in two different positions,, 

a. One switch was mounted in a position such that the 
inertia force acted along the axis of the switch in a direction 
toward its base. 

b. The other switch waa mounted so that the inertia force 
would be transverse to the axis of the switch. 
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The minimum peak acceleration range for actuation was 225 to 
300 g for switches mounted eucn that the Inertia force was 
along the axis (position "a").  The range of minimum actuation 
acceleration for swi tenet; mean tec in position "b" was 7(3 to 
100 g»  The general acceleration time curve pattern is 
described in paragraph 29. 

Drop Test on T8 Switch 

33«  One switch was subjected to drop tester impact tests to 
determine the performance of the switch under shorter-duration 
impacts. The first series of drops were made using lead pads. 
The switch v;as firs; mounted such that the direction of the 
inertia force acted toward the b:::? of the switch.  The maximum 
impact was characterised by a velocity change of 17.0 ft per 
second with a peak acceleration of 4f>0 g and a time duration 
of Jo Billiseconds.  The switch did not fire under the maximum 
impact. The switch was then mounted such that the inertia 
force was perpendicular to the axis of the switch.  In this 
series of tests the switch did indicate closure.  The minimum 
switch actuating shrck was characterized by a velocity change 
of 8.2 feet per second, a peck acceleration of 110 g, and a 
time duration of k.G milliseconds. The second series of tests 
consisted of steel en steel impacts, and as before, the switch 
did not close when mounted such that the inertia force acted 
toward the base. Tie maximum impact under which the switch 
was bested was characterised by a velocity change of 13 feet 
per second and an average acceleration of 2300 g.  The impact 
duration was 0.2 milliseconds. However, with the inertia 
force acting perpendicular to the axis of the switch, closures 
were recorded. 7.'he minimum shock required to actuate the 
switch in this position was characterized by a velocity change 
of 5»G feet per second, an average acceleration of 750 g» &nd 
a time duration of 0.2 milliseconds. 

CONCLUSIONS 

3^« a. The fuze appears to be safe and operable and in accord- 
ance with the criteria of reference (c), paragraph 3* as & 
result ox the Military Standard Transportation Vibration Test. 

b. Fuzes subjected to the Jolt and Jumble Tests were 
generally inoperable, and could be considered as unsafe to 
handle, as a result of the tetryl being spread throughout the 
fuze gear train. Heaver, thi3 condition was corrected in the 
jolt tests when new roosters were used* The condition which 
exists due to the locating disc falling into the cylindrical 
spacer could be conducive to a hazardous condition if the 
explosive train beca;A<3 aligned * As a result of breakdown and 
inspection of fuze samples from T;he jolt test^ the fu2.es tested 
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wiwh the new boosters have met the requirements of reference 
(d), paragraph H.  The luzea subjected to teats in the 2k  inch 
Junble box were considerably damaged; however, no elements 
exploded or were in an armed condition after the test. There- 
fore., the fuse was judged to oe  reasonably safe. 

c. AI3 fuzes subjected to the Salt Spray Fuze Te3t appeared 
to be capable of performing their intended functions. The fuze 
wa;s most vulnerable to corrosion when placed in a vertical 
position with vanes up. 

v.,  Three of the fu?es .from the hQ  Foot Drop Tests were 
coupletely safe are operable. The fuze dropped In the hori- 
zontal posivi.on was not operable but there was no compromise 
tc safety.  The fifth fuze could not be safely inspected; 
however, there were no indications of detonation of any of the 
explosive elements.  The fact that inspection was impossible 
wau the result of an improperly loaded warhead. Samples from 
tbr.s teat are judged to have met the criteria of reference (e), 
paragraph 3, for passing the Military Standard Forty Foot Drop 
Test. 

e. Fuzes subjected to the temperature and humidity test 
showed no Indications of unsafety. There was no malfunctioning 
of the ariaiti.3 system either at ambient temperatures or at the 
extreme temperatures of the JAN Cycle. From the six samples 
of this test, the explosive trains fired high order at ambient 
temperatures and at extreme temperatures, with two exceptions. 
One detonator failed at ambient temperature and one at l60°Fo 
Failure of the detonator after temperature and humidity cycling 
was apparently the result of deterioration of the priming 
mixture which is basically mercury fulminate and is known to 
be susceptitle to failure after surveillance testing. Reference 
(g) is a report which offers a possible explanation for detonator 
Misfire even though the bridge wire is continuous. It advances 
She tneory that the failures may be caused by voids around the 
bridge wire which are caused by excessive solvent in the 
explosive.. The M36 detonator which is similar to the detonator 
described in reference (g) contains a priming mix of mercury 
fulminate milled in a solution of altrostaroh in butyl acetate. 
In addition the explosive increments are held in the detonator 
cup by a holier plug made of a molded phenolic material, which 
appears to be vulnerable to surveillance testing. There is a 
tendency for \.he boosters to crumble, which may contribute to 
an unsafe condition If fuzes have heen  stored for a long period 
of time and cire then transported. Reference l£),  paragraph 3* 
states that the fuzes must be safe and operable following this 
test. All the fuzes were judged to be safe, but two fuzes would 
no; have been operable because of detonator failure, Tests 
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indicate that the explosive train (complete with boosters) 
will detonate high order at temperatures of -63°F and 16G°F„ 

f. At the point of tangency between the detonator and 
lead (35° from anted) the reliability la k%.    The reliability 
Increases to 95% when the detonator moves 15° closer to the 
arras.d positie>n.  In this position the detonator overlaps 
about 45$ of the lead area. Thu3 it appears that adequate 
reliability c;in  b3 expected when the detonator is in the com- 
pletely armeo position. 

g„ The O.ljf unsafe position was predicted to be 51° from 
armed. Since the completely unarmed position is 180° from 
armed, the fuse appears safe In this respect. 

h. Fuse-to-warhsad safety tests indicate that the Hout-of- 
line" arrangement of the explosive train of the unarmed T74E3 
fuze will reliably prevent explosion of the lead, booster and 
warhead In the event the detonator la initiated. 

1. Explosive train reliability tests indicate that when 
properly armed and fired, the fuze will initiate a high order 
explosion of the warhead, 

j. In field tests, two missiles were successfully air- 
launched. The nose switch TO and the inertia switch T9 
withstood the forces exerted by launching* flight, wing blow 
off, and terminal dive. The arming distance of the T74E3 
electrical fuze is fifteen to twenty percent greater than 
ind5.cated by the published data, These tests indicate that 
the modified fuzing systen for the "LOON" is capable of 
detonating the warhea<i. 

k. Laboratory shock tests on the T8 and T9 switches indicate 
that both switches will withstand the forces of launching•, 

1. Neither switch could be made to actuate at the vibration 
frequencies and amplitudes tested. Considerable amplitude was 
observed when the T8 switch was vibrated at Its resonant frequency 
of 75 cps and with a forcing amplitude of 0.020 Inches. The 
switch failed by the brass rod breaking in two at the shoulder 
of tne plastic projection. 

za. Two hundred and ninety T74E3 fuzes were renovated by 
replacing the boosters with the type described in paragraph 23- 
These fuzes were then shipped to the Naval Ammunition and Net 
Depot, East Long Beach, California.. 
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RECOMMENDATIONS 

35.  The use of the "LOON" fuzing system with the following 
changes 13 recommended: 

a. Omission of the existing T84i, series mechanical fuzes. 

b« If the present method of controlling the terminal tra- 
jectory (wing blow off) is used, it Is recommended that the 
system described in the published information (reference (b)) 
be c/landed to the system shown in figure 8. This change 
consists ofj 

(1) Replacement of the T34E series mechanical fuze with 
a T7*E series electrical fuze connected in parallel with the 
original T7*£ series electrical fuze (th«e To4E series is not 
recommended in any case). 

(2) isolation of the electrical fuzing system from the 
missile power supply by providing a separate battery for the 
fuzing system (see subparagraph 13c). 

c. The following alterations of explosive components 
necessitated by the above changes and discussed in subpara- 
graphs 13a, b, and d, be accomplished in an approved, explosive- 
work area before the components are issued for use: 

(1) Drill holes in the warhead encasement for mounting 
the fairing conduit for the electrical leads for the port fuze. 

(2) Drill and tap holes in the warhead nose-ring fox^ 
doubling the number of attaching bolts for the nose section. 

(3) Relocate the arming wire guide bracket on half of 
the existing TT^E series electrical fuzes. 

do If eventually it should be decided to continue the use 
fo the "LOON" as an it-en of shipboard ordnance, it is suggested 
that a fuse redesign program be initiated to eliminate weak- 
nesses in the present design. It is suggested that consideration 
be given to the design and development of self-contained fuzes 
(electrical and/or mechanical) for the missile rtLOON", to 
eliminate the long, vulnerable electrical leads upon whieh the 
functioning of the present system depends. Such fuzes will be 
required upon approval of an improved method for controlling 
the terminal trajectory which is now under development at the 
WAJNTC. This method consists of parting the warhead from the 
misBile by the use of explosive bolts.  The free-falling 
warhead has a more consistent trajectory than the wingless 
missiles. To be adaptable to this method, the fuzes should be 
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SZTlro^V1??01  fVOCk from an*  direction,   and  should not depend  upon  the functioning of an external  component  for 
proper actuation. ^ "yx 

• 
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FIG.   3     T74E3   FUZE 
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